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9 Claims. (C. 103-41) 
In internal combustion engines of the type, 

in which the fuel is injected into the combustion 
chamber or chambers of the working cylinder or 
cylinders by a pump, consequently without the 

5 aid of compressed air, it is difficult or quite in 
possible especially with very rapidly running en 
gines or with long conduits between the fuel pump 
and the Working cylinders by means of devices 
hitherto known to reduce the pressure in such 
a degree, that subsequent dripping of fuel into 
the Working cylinder and the inconveniences re 
Sulting therefrom are obviated. This invention 
relates to means to supply this Want in fuel 
pump-plants. According to the invention a con 

5 duit with spring-loaded valve, a throttling mem 
ber or the like is connected to the delivery con 
duit leading from the pump to the working cyl 
inder, which at the unloading of the pump and 
the closing of the delivery valve of the pump ef 
fects a return passage for fuel. At the Said de 
vice the pressure in the said delivery conduit may 
be reduced to any desired degree by adapting the 
tension of the spring belonging to the valve of 
the return passage or the width of the opening 
of the throttling member. Y 

In the accompanying drawing Some forms of 
execution of the invention are shown as exam 
ples. Fig. 1 shows in a longitudinal section a fuel 
pump to which the invention is applied, the de 

30 livery valve Of the said pump being adapted to un 
cover the return passage for the fuel after the 
fuel injection has been effected. Fig. 2 shows 
in a longitudinal section a fuel pump, in which 
the return passage for the fuel is controlled by 
a separate spring-loaded valve. Fig. 3 shows in 
a side view a pressure reducing valve, which may 
be used in combination with the pump shown in 
Fig. 2 (and also the pumps shown in Figs. 4 and 
5). Fig. 4 shows in a longitudinal section a pump, 
in which the valve controlling the return passage 
is located in the delivery valve of the pump. Fig. 
5 shows in a longitudinal Section a fuel pump with 
the return passage and its valve provided in a 
separate chamber located at the side of the de 

A livery velve of the pump. 
Fuel is sucked by the pump-punger , Fig. , 

through the channel 2 into the pump chamber 
3. As before knoW7, the pump-plunger é is pro 
vided with a peripheral groove 3 having an upper 

so oblique boundary wall. The said groove & com 
municates with the pump-chamber 3 through s, 
groove 5 extending longitudinally of the plunger 

... Plunger may be rotated by a centrifugal 
governor or the like in a well known or suitable 

ss manner and into different positions adapted to 
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the load of the engine, so that fuel Superfluous for 
the working stroke of the engine-piston can re 
turn to the fuel store through the grooves 5 
and A and the channel 2. 

Fuel passes from the pump-chamber 3 through. 5 
a channel 6 to the chamber below a plunger-like 
valve, acting as the delivery valve of the pump. 
At its lower end valve 7 bears against a disc 9 
which is acted upon by compressed spring 8. A 
spring 0 is provided for closing the valve . . . 
is the conduit leading to the device 2 (indicated 
only diagrammatically) for injecting the fuel into the working cylinder of the engine. 3 is a chan 
nel which communicates with the pump-chamber 
and the mouth of which is located in the side 
of the bore in which the plunger valve operates, 
So that the plunger valve also is adapted to open 
and close the channel 3. 
During the working stroke of the purp-plunger 

a valve 7 is opened by the pressure exerted by 
the fuel and fuel passes from the pump chamber 
3 through channel 6 and conduit to the fuel 
injecting device 2 and into the combustion cham 
ber of the engine. As the pressure in the fuel 
pump ceases by the Overflow passage 5, 4, 2 be 
ing opened, plunger valve is forced backwards 
by the greater pressure in the conduit , so that 
the latter is connected to the channel 3 and 
fuel can escape freely. Channel 3 remains un 
covered by the valve until the pressure in the 
delivery-conduit A has been so reduced, that it, 
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plus the reaction of Spring (), corresponds to the 
pressure of the spring 8. Consequently, by pro 
viding a spring 8 of suitable tension it is possi. 
ble to effect such a reduction of the pressure in 
the conduit , as is necessary for preventing sub 
sequent dripping of fuel. 

In the form of execution of the invention shown 
in Fig. 2 the delivery valve of the fuel pump con 
sists of an ordinary conical valve 4 with a spring 
5 for shutting the same. The fuel reducing 
channel 6 is controlled by a conical valve , 
acted upon by a spring 8. In other respects the 
pump is arranged substantially as the pump 
shown in Fig. 1 and operates in Substantially the 
same manner as the said pump. During the 
Working stroke of the pump fuel passes through. 
the delivery valve 4 and the delivery conduit * 
to the fuel injecting device 2a and into the com 
bustion chamber of the working cylinder, while 
valve it is held in closed position. As the pump 
is unloaded, valve 4 is closed by the greater pres 
sure in the conduit a and fuel returns through 
the valve i, until the pressure in the Conduit 
a da has been reduced to such a degree, that it 55 
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corresponds to the tension of the Spring 8. Con 
Sequently, also in this case the necessary reduc 
tion of the pressure in the conduit a leading to 
the injecting device may be gained by providing a 
Spring 8 of suitable tension. 
The delivery Valve of the pump shown in Fig. 2 

may be arranged as Shown in Fig. 3. According to 
the figure last mentioned the valve has a cylindri 
cal part. 9, adapted to fit tightly in the Surround 
ing wall of the valve, so that the valve when closed 
and moved further downwards effects an increas 
ing of the volume of the chamber above the valve 
and fuel in the delivery conduit a is thereby 
sucked backwards. This results in the reduction 
of the pressure in the delivery conduit a being 
accelerated. A similar reduction of the pressure 
is effected also by the plunger valve 7 shown in 
Fig. 1. 
According to the form of execution of the in 

vention shown in Fig. 4 the return valve 20 and . 
the channel for the same are provided in the de 
livery valve 2 of the pump l. The return valve 
20 is acted upon by a spring 22 and by adapting 
the dimensions of the said spring the pressure in 

8 the delivery conduit b may be suitably reduced. 
Fig. 5 shows a form of execution of the inven 

tion according to which the return valve 23 to 
gether with its spring 24 is located in a separate 
casing 26 located at the side of the delivery valve 
25 and screwed into the pump casing. A chan 
nel 27 connects the casing 26 with the channel 
located between the pump and the delivery valve 
25, and a channel 28 extends from the top side 
of the valve 23 to the conduit fe leading to the 
injecting device. 
The operation of the device shown in Fig. 5 is 

wholly analogous to the operation described above 
and the reduction of the pressure in the delivery 
conduit lic may be adjusted by Suitably adapting 
the dimensions of the spring 24. 

Also the valves 2 and 25 may, evidently, bear 
ranged like the valve shown in Fig. 3, So that 
they effect a reduction of the pressure in the de 
livery conduit while being closed. 

claim: 
1. In a fuel injection system for internal com 

bustion engines, a fuel injection device, a fuel 
pump having a working chamber and a. plunger 
reciprocable therein, a delivery conduit connect 

0 ing the discharge side of the pump with the in 
jection device and through which fuel is adapted 
to be forced under pressure during the injec 
tion period, a first passage for flow of fuel from 
the working chamber of the pump to the delivery 

* conduit during the injection period, a second pas 
Sage for flow of fuel from the delivery conduit 
to said working chamber, and Spring loaded valve 
means for controlling said passages including two 
springs tending to maintain the valve means in 

0 seated position closing both of said passages, 

65 

means for Suddenly unloading the pump on the 
working chamber side of said valve means, one 
of Said Springs being arranged to permit opening 
movement of the valve means toward the delivery 
conduit to open said first passage under the in 
fluence of pump pressure during the injection 
period and the Second of said springs being ar 
ranged to permit opening movement of said valve 
means away from said conduit to open said sec 

70 ond passage under the influence of the preSSure 
of fuel in the delivery conduit when the pump is 
unloaded, 

2. In a fuel injection system for internal com 
bustion engines, a fuel injection device, a fuel 

75 pump having a working chamber, a delivery valve 

2,090,781 
of the plunger type and spring means for urging 
said valve to a seated closed position, means for 
unloading the pump on the Working chamber 
side of the delivery valve to terminate the in 
jection period, a delivery conduit connecting the 
discharge side of the delivery valve with Said in 
jection device and through which fuel is adapted 
to be forced under pressure during the injection 
period, a pressure relief passage having an inlet 
controlled by said valve and connecting said de 
livery conduit with the working chamber of the 
pump, said valve having opposed faces both of 
which are subjected to the pressure in said de 
livery conduit during the injection period and only 
one of which is subjected to said pressure when 
the pump is unloaded and said spring means being 
arranged to permit said valve to open toward the 
delivery conduit during the injection period and to 
permit the valve to move away from the delivery 
conduit to a position uncovering said inlet under 
the influence of the pressure of fuel in the dis 
charge conduit when the pump is unloaded. 

3. In a fuel injection system for internal Com 
bustion engines, a fuel injection device, a fuel 
pump having a working chamber and a delivery 
valve of the plunger type, means for unloading 
the pump on the working chamber Side of the 
delivery valve to terminate he injection period, 
a delivery conduit connecting the discharge side . 
of the delivery valve with said injection device 
and through which fuel is adapted to be forced 
under pressure during the injection period, a first 

, spring and a second spring acting on said valve 
in opposed directions, said valve having opposed 
faces both of which are subjected to the pressure 
in said delivery conduit during the injection 
period and only one of which faces is subjected 
to said pressure when the pump is unloaded and 
said valve being adapted to move from a seated 
closed position in one direction against the re 
Sistance of Said first spring due to pump preSSure 
during the injection period and to move from 
said closed position in the opposite direction 
against the resistance of said Second spring under 
the influence of the pressure of fuel in said de 
livery conduit when the pump is unloaded, and 
a passage for returning fuel from Said delivery 
conduit to the working chamber of the pump 
controlled by said valve and arranged to be opered 
by the last mentioned movement of said valve. 

4. In a fuel pump including a working cham 
ber, a delivery valve of the plunger type adapted 
to discharge fuel to a delivery conduit, means for 
unloading the pump on the working chamber side 
of the delivery valve, a first spring and a second 
Spring acting on said valve in opposed directions 
and tending to maintain said valve in a seated 
closed position, the inlet side of Said valve being 
exposed to pressure of fuel in said pump chamber 
and the discharge side of the valve being exposed 
to pressure of the fuel in said delivery conduit, and 
a fuel return passage providing communication 
between the di Scharge Side of Said valve and Said 
pump chamber, Said passage having an inlet 
located in the valve bore so as to be covered by 
the valve when the latter is in closed position, 
Said valve being adapted to open toward said 
delivery conduit against the resistance of said 
first Spring during the injection period and to 
Open in the opposite direction to uncover the 
inlet of said fuel return passage, when the pump 
is unloaded, under the influence of the pressure 
of fuel in the discharge conduit and against th 
resistance of said second spring. • 

5. A fuel pump of the plunger type including 
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first passage for flow of fuel from the working 
chamber of the pump to a delivery conduit, a 
Second passage for return flow of fuel from the 
delivery conduit to said working chamber, a spring 

5 loaded delivery valve adapted to control flow 
through both of said passages, and means for un 
loading the pump on the working chamber side of 
the delivery valve to determine the end of the 
Working stroke, said delivery valve being exposed 

0 on its inlet side to pressure of fuel delivered 
through the first mentioned passage and being 
exposed on its discharge side to the pressure of 
fuel in the delivery conduit and being movable 
from a seated closed position to open the second 

l3 mentioned passage under the influence of the last 
mentioned pressure when the pump is unloaded. 

6. In a fuel injection system for internal com 
bustion engines, an injection device, a fuel pump 
having a working chamber and a plunger recipro 
cable therein, a delivery conduit connecting the 
fuel pump with the injection device and through 
which fuel is adapted to be forced under pressure 
during the injection period, said fuel pump hav 
ing a spring loaded delivery valve adapted to 
Open toward said delivery conduit during the in 
jection period, means for suddenly unloading the 
pump on the working chamber side of the deliv 
ery valve to terminate the injection period, a fuel 
return paSSage Connecting said delivery conduit 

80 and the working chamber of the pump, and a 
spring loaded return valve adapted to open, when 
the pump is unloaded, toward the working cham 
ber of the pump under the influence of the pres 
Sure of fuel in the delivery conduit between the 
injection device and Said discharge valve. 

7. In a fuel injection system for internal com 
bustion engines, an injection device, a fuel pump 
having a Working chamber and a plunger recip 
rocable therein, a delivery conduit connecting the 

40 fuel pump with the injection device and through 
which fuel is adapted to be forced under pressure 
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during the injection period, said fuel pump hav 
ing a Spring loaded delivery valve of the plunger 
type adapted to open toward said delivery con 

45 duit during the injection period and to close in 
a direction away from the delivery conduit when 
the pump is unloaded, whereby to increase the ef- . 
fective volume of the delivery conduit as the valve 
closes and thereby reduce the pressure therein, 

50 means for Suddenly unleading the pump on the 
working chamber side of the delivery valve to 
terminate the injection period, a fuel return pas 
sage providing communication between the de 
livery conduit and the Working chamber of the 

55 pump, and a spring loaded return valve control 

ling said conduit and adapted to open, when the 
pump is unloaded, away from the conduit under 
the influence of the pressure of fuel within the 
delivery conduit between the delivery valve and 
the injection device. 

8. In a fuel injection system for internal com 
bustion engines, a fuel injection device, a fuel 
pump having a working chamber and a fuel sup 
ply channel in communication with said cham 
ber, means for suddenly placing the working 
chamber in communication with said supply 
channel during the working stroke of the pump 
to terminate the injection period, a delivery con 
duit connecting the discharge side of said pump 
With Said injection device, a pressure relief pas 
Sage Connecting Said delivery conduit with the 
pump chamber, delivery valve means controlling 
Said conduit and opening toward the same dur 
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ing the working stroke of the pump, and spring 
loaded return valve means controlling said pas 
Sage, Said return valve means being arranged to 
be opened in a direction away from said delivery 
conduit when the pump pressure is released to 
allow fuel to return to the pump chamber and to 
the fuel supply channel, the spring pressure on 
Said return valve means being adjusted so that 
upon release of the pressure in the working . 
chamber it permits a quantity of fuel to be dis 
charged from the delivery conduit sufficient to 
reduce the pressure in said delivery conduit to a 
value lower than that of the pressure required 
to effect opening of Said fuel injection device. 

9. In a fuel injection system for internal com 
bustion engines, a fuel injection device, a fuel 
pump having a Working chamber, a delivery con 
duit COinnecting the discharge Side Of Said pump , 

20 

with said device and through which fuel is adapt 
ed to be forced under pressure during the injec 
tion period, a pressure relief passage in commu 
nication with said delivery conduit for returning 
fuel therefrom to the pump chamber, and means 
for preventing pressure free return flow, from the. 
delivery conduit and said return passage to the 
working chamber including spring loaded means 
controlling said passage, and means for suddenly . 
unloading the pump on the working chamber side 
of the first mentioned means, said spring loaded 
means being adapted to be opened by the pres 
Sure of fuel in the delivery conduit upon unload 
ing of the pump, whereby to prevent production 
of pressure waves in the fuel delivery conduit of 
sufficient magnitude to force fuel from the injec-. 
tion nozzle after the termination of the injection period. 

HILDING GUNNAR. CAMINER. 
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